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(57) An antenna-electrode structure (1) includes a 
feeding radiant-electrode (5) and a grounded portion (3) 
arranged such that an open-end of the feeding radiant- 
electrode (5) defines a capacitance to the grounded por- 
tion (3) therebetween, and a non-feeding radiant-elec- 
trode (18) arranged to electromagnetically couple the 
feeding radiant-electrode (5). The non-feeding radiant 
electrode (1 8) is arranged such that an open-end (1 8a) 
thereof defines a capacitance to the grounded portion 
(3) therebetween to produce a dual-frequency reso- 
nance state together with the feeding radiant-electrode 
(5). In response to a signal supplied from a signal-supply 
source (8), the feeding radiant-electrode (5) performs 
an antenna action and the non-feeding radiant-elec- 
trode (18) in turn performs an antenna action by signal 
transmission from the feeding radiant-electrode (5), 
such that by being excited from these actions, the 
grounded portion (3) also performs an antenna action. 
Because of the antenna action of the grounded portion 
(3), the sizes of the feeding radiant-electrode (5) and 
the non-feeding radiant electrode (18) are reduced. 




Q. 
LU 



Printed by Jouvo, 75001 PARIS (FR) 



1 



EP 1 248 316 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a communica- 
tion apparatus such as a portable telephone and an an- 
tenna-electrode structure provided in the communica- 
tion apparatus. 

2. Description of the Related Art 

[0002] Recently, the size communication apparatus- 
es, such as portable telephones have been decreasing 
rapidly. In association with such miniaturization of com- 
munication apparatuses, a built-in antenna is required 
to further reduce the size of the communication appara- 
tus. 

[0003] However, when the size of an antenna is re- 
duced, the frequency bandwidth of electric waves trans- 
mitted and received by the antenna is reduced. Anten- 
nas having various structures are proposed to obtain a 
miniaturized antenna having an increased bandwidth. 
However, an antenna has not yet been produced in 
which miniaturization, increased bandwidth and a sim- 
plified structure are achieved. 

SUMMARY OF THE INVENTION 

[0004] In order to overcome the above-described 
problems, preferred embodiments of the present inven- 
tion provide an antenna-electrode structure and a com- 
munication apparatus including the antenna- electrode 
structure in which miniaturization, increased bandwidth 
and a simplified structure are achieved. 
[0005] An antenna-electrode structure according to 
preferred embodiments of the present invention in- 
cludes a substrate, a grounded portion provided on the 
substrate, a non-grounded portion on which an antenna 
is mounted, a feeding radiant-electrode into which a sig- 
nal is supplied from a signal supply source, a non-feed- 
ing radiant-electrode provided adjacent to the feeding 
radiant electrode and spaced from the grounded portion 
via a spacing therebetween for producing a dual -fre- 
quency resonance state by electromagnetic coupling 
with the feeding radiant-electrode, and a dielectric base 
substance surface-mounted on the substrate and hav- 
ing the feeding radiant-electrode mounted thereon in a 
substantially U-shaped configuration, wherein one end 
of the feeding radiant-electrode is open so as to produce 
a capacitance to the grounded portion therebetween, 
and wherein the non-feeding radiant-electrode is pro- 
vided on the dielectric base substance in a substantially 
L-shaped configuration along the feeding radiant-elec- 
trode and one end of the non-feeding radiant-electrode 
is connected to the grounded portion while the other end 
is open, the open end of the non-feeding radiant elec- 



trode is a capacity-loaded electrode defining a capaci- 
tance to the grounded portion therebetween at a posi- 
tion close to a capacity portion provided between the 
open-end of the feeding radiant-electrode and the 
5 grounded portion. 

[0006] Preferably, the antenna-electrode structure 
further includes an insulating member, wherein the feed- 
ing radiant-electrode and the non-feeding radiant-elec- 
trode are arranged with the insulating member provided 
therebetween. 

[0007] Preferably, the feeding radiant-electrode and 
the non-feeding radiant-electrode are provided directly 
on the non-grounded portion on the substrate by pattern 
forming, instead of forming the feeding radiant-elec- 
trode and the non-feeding radiant-electrode on the die- 
lectric base substance. 

[0008] Preferably, the antenna-electrode structure 
further includes a feeding electrode electrically connect- 
ed to the signal supply source, wherein the feeding ra- 
diant-electrode communicates and connects to the 
feeding electrode so as to define a direct-feedingtype 
feeding radiant-electrode in which a signal is directly 
supplied from the signal supply source via the feeding 
electrode. 

[0009] Preferably, the antenna-electrode structure 
further includes a feeding electrode that is electrically 
connected to the signal supply source, wherein the feed- 
ing radiant-electrode is arranged at a position that is 
spaced from the feeding electrode so as to define a ca- 
pacity-feeding-type feeding radiant-electrode in which a 
signal from the signal supply source is supplied by ca- 
pacitively coupling from the feeding electrode. 
[0010] A communication apparatus according to pre- 
ferred embodiments of the present invention includes 
an antenna-electrode structure according to one of the 
configurations described above. 
[0011] According to preferred embodiments of the 
present invention having the configurations described 
above, when a signal is supplied to the feeding radiant- 
electrode from the signal-supply source, the signal is 
transmitted from the feeding radiant-electrode to the 
non-feeding radiant electrode by electromagnetic cou- 
pling. With such signal supply, the feeding radiant-elec- 
trode and the non-feeding radiant electrode perform the 
antenna actions. Also, according to preferred embodi- 
ments of the present invention, the respective open- 
ends (i.e., capacity-loaded electrodes) of the feeding ra- 
diant-electrode and the non-feeding radiant electrode 
have capacities to the grounded portion of the substrate 
therebetween, such that the electric current, which is ex- 
cited by the antenna actions of the feeding radiant-elec- 
trode and the non-feeding radiant electrode, flows 
through the grounded portion. That is, when excited by 
the antenna actions of the feeding radiant-electrode and 
the non-feeding radiant electrode, the grounded portion 
also performs an antenna action corresponding to the 
antenna actions of thefeeding radiant-electrode and the 
no n -feeding radiant electrode. 
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[0012] The grounded portion Is provided on a circuit 
board of a communication apparatus, for example, and 
the position and size thereof can be varied such that the 
degree of design freedom is greatly increased. There- 
fore, even when the size of the feeding radiant-electrode 
and the non-feeding radiant-electrode is reduced (min- 
iaturized), the transmission and reception of electric 
waves at a desired frequency bandwidth is performed 
with sufficient power by appropriately configuring the 
grounded portion. Moreover, the feeding radiant-elec- 
trode and the non-feeding radiant-electrode produce a 
dual-frequency resonance state, such that the frequen- 
cy bandwidth is greatly increased as compared with a 
mono-resonance state where the non-feeding radiant- 
electrode is not provided. 

[0013] Furthermore, because the feeding radiant- 
electrode and the non-feeding radiant-electrode are 
provided on the dielectric base-substance, the frequen- 
cy of electric waves radiated from the feeding radiant- 
electrode and the non-feeding radiant-electrode is in- 
creased due to the wavelength reduction effect by the 
dielectric substance, enabling the size of the feeding ra- 
diant-electrode and the non-feeding radiant-electrode to 
be further reduced. 

[0014] As described above, with the antenna-elec- 
trode structure according to preferred embodiments of 
the present invention, a simplified antenna-electrode 
structure having a greatly reduced size and an in- 
creased bandwidth is provided. 
[0015] Although a direct-feeding type or a capacity- 
feeding type feeding radiant-electrode has outstanding 
characteristics, when a capacity-feeding type is provid- 
ed, the feeding radiant-electrode can be provided sep- 
arately from the feeding electrode, such that the feeding 
electrode is matched to the feeding radiant-electrode by 
the position of the feeding electrode, resulting in another 
advantage that a matching circuit is not required to be 
interposed between the feeding electrode and the sig- 
nal-supply source. 

[0016] When the feeding radiant-electrode and the 
non-feeding radiant-electrode are directly pattern- 
formed on the non-grounded portion of the substrate, 
manufacturing costs are reduced because the chip 
base-substance mentioned above is not required, and 
further, the manufacturing is simplified. 
[0017] When the feeding radiant-electrode and the 
non-feeding radiant-electrode are arranged in the de- 
positing direction via an insulating member interposing 
therebetween, the space between the feeding radiant- 
electrode and the non-feeding radiant-electrode can be 
more easily changed as compared with the case in 
which both the feeding radiant-electrode and the non- 
feeding radiant-electrode are provided on the top sur- 
face of the dielectric base-substance, for example, such 
that the amount of electromagnetic coupling between 
the feeding radiant-electrode and the non-feeding radi- 
ant-electrode is easily controlled. Thereby, the dual-fre- 
quency resonance state by the feeding radiant-elec- 



trode and the non-feeding radiant-electrode is further 
ensured. 

[0018] A communication apparatus including the an- 
tenna-electrode structure according to preferred em- 

5 bodiments of the present invention is greatly reduced in 
size and has greatly increased frequency bandwidth in 
transmitting and receiving electric waves. 
[0019] Other features, elements, characteristics and 
advantages of the present invention will become more 

10 apparent from the following detailed description of pre- 
ferred embodiments thereof with reference to the at- 
tached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[0020] 



Figs. 1A and 1B schematic representations show- 
ing an antenna-electrode structure according to a 

20 first preferred embodiment of the present invention. 
Fig. 2 is a graph for showing an example of return- 
loss characteristics of the antenna-electrode struc- 
ture according to the first preferred embodiment of 
the present invention. 

25 Figs. 3A and 3B are schematic representations 
showing an example of electric-waves directivity of 
the antenna-electrode structure according to the 
first preferred embodiment of the present invention. 
Figs. 4A and 4B are schematic representations 

so showing an antenna-electrode structure according 
to a second preferred embodiment of the present 
invention. 

Fig. 5 is a schematic representation showing an an- 
tenna-electrode structure according to a third pre- 
ss f erred embodiment showing an extracted portion 
specific to the third preferred embodiment of the 
present invention. 

Fig. 6 is a schematic representation showing an an- 
tenna-electrode structure according to a fourth pre- 

40 ferred embodiment of the present invention. 

Figs. 7A and 7B are schematic representations of 
other arrangement examples of a feeding radiant- 
electrode and a non-feeding radiant electrode. 
Figs. 8A and 8B are schematic representations for 

45 showing an example of the experiment for obtaining 
the return loss and the antenna gain in the cases of 
the close arrangement and the separated arrange- 
ment of the feeding radiant-electrode and the non- 
feeding radiant electrode. 

so Figs. 9A and 9B are schematic views showing the 
cases of the close arrangement and the separated 
arrangement of the feeding radiant-electrode and 
the non-feeding radiant electrode. 
Figs. 1 0A and 1 0B are graphs respectively showing 

55 the return loss and the antenna gain in the cases of 
the close arrangement and the separated arrange- 
ment of the feeding radiant-electrode and the non- 
feeding radiant electrode. 
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Figs. 11 A and 11 B are schematic representations 
showing an example of the antenna-electrode 
structure proposed by the inventor. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0021] Preferred embodiments according to the 
present invention will be described below with reference 
to the drawings. 

[0022] Fig. 11 A shows an example of an antenna- 
electrode structure that is a preliminary step toward the 
antenna-electrode structure according to preferred em- 
bodiments of the present invention. Fig. UBisadrawing 
shown in a developed state of a chip base-substance 4 
that is a substantially rectangular dielectric base-sub- 
stance defining the antenna-electrode structure shown 
in Fig. 11 A. 

[0023] An antenna electrode structure 1 shown in 
Figs. 1 1 A and 1 1 B preferably includes a substrate (a cir- 
cuit board of a communication apparatus, for example) 
2, a grounded portion 3 provided on the substrate 2, the 
chip base-substance 4, and a feeding radiant-electrode 
5 provided on the chip base-substance 4. 
[0024] As shown in Fig, 11 A, the substrate 2 is pro- 
vided with an overhang 6 that is a non-grounded portion 
(i.e., a region on which the grounded portion 3 is not 
provided), and the chip base-substance 4 is mounted 
on the overhang 6. Also, on the non-grounded portion 
of the substrate 2, a feeding wiring-pattern 1 0 is provid- 
ed, which is electrically connected to a signal-supply 
source 8. 

[0025] Furthermore, on the chip base-substance 4, a 
feeding electrode 1 1 is provided at one end (in the feed- 
ing-end side) of the feeding radiant-electrode 5 contin- 
uously therewith. When the chip base-substance 4 is 
mounted in a desired region of the overhang 6, as shown 
in Fig. 11 A, the feeding wiring-pattern 10 on the sub- 
strate 2 and the feeding electrode 11 on the chip base- 
substance 4 are arranged to communicate with each 
other. The feeding-end of the feeding radiant-electrode 
5 is thereby electrically connected to the signal-supply 
source 8 via the feeding wiring-pattern 1 0 and the feed- 
ing electrode 11. 

[0026] The other end of the feeding radiant-electrode 
5 is an open-end 5a, which is arranged close to the 
grounded portion 3 so as to form a capacitance between 
the open-end 5a of the feeding radiant-electrode 5 and 
the grounded portion 3. That is, the open-end 5a of the 
feeding radiant-electrode 5 is a capacity- loaded elec- 
trode defining a capacitance to the grounded portion 3 
therebetween. 

[0027] In addition, in the example shown in Figs. 11 A 
and 11 B, a grounded electrode 12 is provided on the 
chip base-substance 4. The grounded electrode 12 is 
arranged to oppose the open-end 5a of the feeding ra- 
diant-electrode 5 via a space and is also electrically con- 
nected to the grounded portion 3 via a lead electrode- 
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pattern 1 3 provided on the substrate 2. The capacitance 
between the open-end 5a of the feeding radiant-elec- 
trode 5 and the grounded portion 3 is increased by the 
grounded electrode 12. Numeral 14 in Fig. 11 B denotes 
5 a fixing electrode, which defines a solder priming-elec- 
trode during mounting the chip base-substance 4 on the 
substrate 2 with solder. 

[0028] In the antenna-electrode structure 1 shown in 
Figs. 11 A and 11 B, as described above, a capacitance 
10 js provided between the open-end 5a of the feeding ra- 
diant-electrode 5 and the grounded portion 3. Thereby, 
when a signal is fed to the feeding radiant-electrode 5 
so as to perform an antenna action, a current is exited 
in the grounded portion 3 in accordance with the anten- 
15 na action of the feeding radiant-electrode 5, as shown 
in A of Fig. 1 1 A. Therefore, not only the feeding radiant- 
electrode 5, but also the grounded portion 3 performs 
the antenna action. 

[0029] Since the transmission or reception of electric 
waves is conventionally performed only by the feeding 
radiant-electrode 5 of the chip base-substance 4, when 
the chip base-substance 4 is miniaturized to meet the 
demands, the feeding radiant-electrode 5 also is neces- 
sarily miniaturized so that the power of the electric 
waves radiated from the feeding radiant-electrode 5 is 
reduced, causing a problem that the satisfactory trans- 
mission or reception of electric waves cannot be per- 
formed. 

[0030] In contrast, in the antenna-electrode structure 
1 shown in Figs. 11 A and 11 B, as described above, not 
only the feeding radiant-electrode 5, but also the 
grounded portion 3 performs the antenna action. The 
grounded portion 3 Is provided on a circuit board (sub- 
strate) 2 of a communication apparatus, for example, 
and the position and size of the grounded portion 3 are 
not restricted such that the degree of design freedom is 
greatly improved, enabling the grounded portion 3 hav- 
ing a desired size to be provided. Therefore, even when 
the size of the feeding radiant-electrode 5 is reduced, 
the transmission and reception of electric waves are 
performed with sufficient power by the grounded por- 
tions 3 and the feeding radiant-electrode 5 by appropri- 
ately configuring the grounded portion 3. 
[0031] However, in such an antenna-electrode struc- 
ture 1, the frequency bandwidth is not satisfactory and 
an increased bandwidth is required. Accordingly, the in- 
ventor invented an antenna-electrode structure that will 
be described below. 

[0032] Fig. 1 A is a top plan view schematically show- 
ing an antenna-electrode structure 1 of a communica- 
tion apparatus according to a first preferred embodi- 
ment. Fig. 1B schematically shows the chip base-sub- 
stance 4 in a developed state, which defines the anten- 
na-electrode structure 1 shown in Fig. 1A. In addition, 
the antenna-electrode structure 1, which will be de- 
scribed below, can be provided in various types of com- 
munication apparatus, such as a portable telephone, a 
notebook personal computer with a communication 
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function, and a PDA (Personal Digital Assistance). In the 
communication apparatus according to the first pre- 
ferred embodiment, any suitable components may be 
used other than the antenna-electrode structure 1, 
which will be described below, such that the description 
of the components of the communication apparatus oth- 
er than the antenna-electrode structure 1 is omitted. Al- 
so, in the description of the antenna-electrode structure 
1 , like reference characters designate like functional 
portions common to those in the antenna-electrode 
structure 1 shown in Figs. 11 A and 11 B, and description 
thereof is omitted. 

[0033] In addition to the configuration of the antenna- 
electrode structure 1 shown in Figs. 11 A and 11 B, the 
characteristic structure in the antenna-electrode struc- 
ture 1 according to the first preferred embodiment is the 
arrangement of a non-feeding radiant electrode 1 8, as 
shown in Figs. 1Aand 1B. 

[0034] That is, in the first preferred embodiment, the 
feeding radiant-electrode 5, as shown in Fig. 1 A, is pro- 
vided on the top surface 4a of the chip base-substance 
4 and has a substantially U-shape, and the open-end 
5a of the feeding radiant-electrode 5, as shown in Fig. 
1B, extends to a side edge 4d of the chip base-sub- 
stance 4 so as to define the capacity-loaded electrode 
which provides a capacitance to the grounded portion 3 
therebetween, as described above. 
[0035] The non-feeding radiant-electrode 18 men- 
tioned above, as shown in Fig. 1A, is provided on the 
top surface 4a of the chip base-substance 4 and has a 
substantially L-shape along the outside of the substan- 
tially U-shaped feeding radiant-electrode 5 via a spac- 
ing. One end of the non-feeding radiant-electrode 1 8 ex- 
tends to the side edge 4d of the chip base-substance 4 
so as to define a grounded end-portion electrically con- 
nected to the grounded portion 3. 
[0036] The other end of the non-feeding radiant-elec- 
trode 18 is an open-end 18a. The open-end 18a of the 
non-feeding radiant-electrode 18 is arranged in the vi- 
cinity of the open-end 5a of the feeding radiant-elec- 
trode 5 so as to define a capacity-loaded electrode 
which provides a capacitance to the grounded portion 3 
therebetween. The non-feeding radiant-electrode 18, 
together with the feeding radiant-electrode 5, is config- 
ured to produce return-loss characteristics shown in the 
solid line a of Fig. 2, i.e., a dual-frequency resonance 
state. In addition, to produce the dual-frequency reso- 
nance state by the feeding radiant-electrode 5 and the 
non-feeding radiant-electrode 18, various factors, such 
as an electric field coupling state and magnetic field cou- 
pling state of the radiant electrodes 5 and 1 8 are related. 
Considering such factors, according to thef irst preferred 
embodiment, to produce the dual-frequency resonance 
state and also to achieve the transmission and reception 
of electric waves in a desired frequency bandwidth, 
shapes and sizes (lengths) of the feeding radiant-elec- 
trode 5 and the non-feeding radiant-electrode 1 8, and 
the space between the feeding radiant-electrode 5 and 



the non-feeding radiant-electrode 18 are respectively 
adjusted. There are various design techniques for the 
feeding radiant-electrode 5 and the non-feeding radiant- 
electrode 18, and any one of them may be adopted 
5 therein such that the description thereof is omitted. 
[0037] The antenna-electrode structure 1 according 
to the first preferred embodiment is configured as de- 
scribed above. In the antenna-electrode structure 1 ac- 
cording to the first preferred embodiment, when a signal 
is supplied to the feeding electrode 11 from the signal- 
supply source 8 via the feeding wiring-pattern 10, the 
signal is directly fed to the feeding radiant-electrode 5 
from the feeding electrode 11. Also, due to this signal 
supply, the signal is supplied to the non-feeding radiant- 
electrode 18 from the feeding radiant-electrode 5 by 
electromagnetic coupling. Due to such signal supply, the 
feeding radiant-electrode 5 and the non-feeding radiant- 
electrode 1 8 respectively perform an antenna action so 
as to produce the dual-frequency resonance state. 
[0038] Furthermore, according to the first preferred 
embodiment, since the respective open-ends 5a and 
1 8a of the feeding radiant-electrode 5 and the non-feed- 
ing radiant-electrode 18 define capacitances to the 
grounded portion 3 therebetween, by being exited from 
each antenna action of the radiant electrodes 5 and 18, 
an electric current, as shown in A of Fig. 1 A, (i.e., a cur- 
rent flowing in a direction connecting the feeding end- 
portion of the feeding radiant-electrode 5 to the open- 
end 5a, or a current flowing in a direction connecting the 
grounded end-portion of the radiant electrodes 5 and 1 8 
to the open-end 1 8a) flows from the base end in the vi- 
cinity of the feeding end-portion of the feeding radiant- 
electrode 5. Thereby, the grounded portion 3 performs 
an antenna action corresponding to those of the radiant 
electrodes 5 and 18. 

[0039] That is, according to the first preferred embod- 
iment, the feeding radiant-electrode 5, the non-feeding 
radiant-electrode 18, and the grounded portion 3 per- 
form the antenna action having return-loss characteris- 
tics in the dual-frequency resonance state, as shown in 
the solid line a of Fig. 2. 

[0040] To allow the grounded portion 3 to perform a 
desired antenna action, the current carrying path length 
of the excited electric current A, which flows from the 
base end in the vicinity of the feeding end-portion of the 
feeding radiant-electrode 5 and is shown in Fig. 1 A, is 
preferably at least greater than the physical length of the 
antenna. According to the first preferred embodiment, 
to provide the necessary current-carrying path length, 
an end region of the longer side of the substrate 2 is 
provided with the overhang 6 to mount the chip base- 
substance 4 thereon. 

[0041] Also, according to the first preferred embodi- 
ment, the feeding end-portion of the feeding radiant- 
electrode 5 is provided at a position as close to a comer 
region of the grounded portion 3 as possible. The reason 
is that by being excited from each antenna action of the 
radiant-electrodes 5 and 18, the grounded portion 3 is 
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provided with not only the electric current A excited 
therein from a vicinity region of the feeding end-portion 
of the feeding radiant-electrode 5 as a starting end, but 
also a current A' produced therein from a vicinity region 
of the feeding end-portion of the feeding radiant-elec- 
trode 5 as a starting end, which is shown by the dotted 
line A* of Fig. 1 A. The current A' has a phase that is offset 
by 180 degrees from the current A mentioned above. 
When the current-carrying path length is increased so 
as to increase the current-carrying amount, the currents 
A and A' magnetically cancel each other so as to reduce 
the power of the electric waves. In order to prevent this 
problem, according to the first preferred embodiment, 
the feeding end-portion of the feeding radiant-electrode 
5 is arranged close to the corner region of the grounded 
portion 3 so as to reduce the current-carrying path 
length U of the current A' and to suppress the current- 
carrying amount. Thereby, the power reduction of elec- 
tric waves described above is prevented. 
[0042] According to the first preferred embodiment, in 
addition to the configuration of the antenna-electrode 
structure 1 shown in Figs. 11 A and 11B, the non-feeding 
radiant-electrode 18 is arranged to produce the dual- 
frequency resonance state, such that an increased fre- 
quency bandwidth is achieved by the dual-frequency 
resonance state due to the feeding radiant-electrode 5 
and the non-feeding radiant-electrode 18, in addition to 
the outstanding characteristics achieved with the anten- 
na-electrode structure 1 shown in Figs. 11 A and 11 B. 
[0043] This effect is confirmed also by an experiment 
performed by the inventor. According to the results of 
the experiment performed by the inventor, in a mono- 
resonance-type antenna-electrode structure 1, as 
shown in Figs. 11 A and 11 B, return-loss characteristics 
indicated by the dashed line p of Fig. 2 are shown, and 
the bandwidth H1 is approximately 90 MHz at 2.5 GHz 
band. In contrast, in a dual-frequency resonance-type 
antenna-electrode structure 1 having characteristic con- 
figurations according to the first preferred embodiment, 
as described above, return-loss characteristics indicat- 
ed by the solid line a of Fig. 2 are shown, and the band- 
width H2 is approximately 1 70 MHz. Thus, in the anten- 
na-electrode structure 1 according to the first preferred 
embodiment, the bandwidth is greatly increased as 
compared with that of the mono-resonance-type one. 
[0044] The first preferred embodiment also has an ad- 
vantage that the directivity control in electric waves is 
facilitated. That is, according to the first preferred em- 
bodiment, since the chip base-substance 4 (the feeding 
radiant-electrode 5 and the non-feeding radiant-elec- 
trode 18) is arranged to protrude in the left side region 
of the substrate 2 shown in Fig.3B, the current A excited 
by each antenna action of the radiant electrodes 5 and 
1 8 is produced in the grounded portion 3 in the left side 
region shown in Fig. 3B. Because a large amount of 
electric waves is radiated from a portion having a large 
amount of the excited current, the first preferred embod- 
iment has a strong directivity of electric waves in the di- 



rection indicated by C of Figs. 3A and 3B as shown in 
the graph of the directivity of electric waves of Fig. 3A. 
In addition, Fig. 3A shows the directivity of electric 
waves on the X-Y plane of Fig. 3B. 

5 [0045] In such a manner, due to the arrangement of 
the chip base-substance 4 (i.e., the arrangement of the 
radiant electrodes 5 and 1 8), the portion having a large 
amount of the excited current is effectively controlled, 
thereby effectively controlling the directivity of electric 

10 waves. More specifically, when the chip base-substance 
4 (the radiant electrodes 5 and 1 8) is located in the po- 
sition indicated by the dotted line of Fig. 3B, a strong 
directivity is provided in a direction of 90° as shown in 
Fig. 3B. Also, when the chip base-substance 4 (the ra- 

15 diant electrodes 5 and 1 8) is located in the position in- 
dicated by the dash-dotted line of Fig. 3B, a strong di- 
rectivity is provided in a direction of 1 80° as shown in 
Fig. 3B. 

[0046] Furthermore, according to the first preferred 

20 embodiment, since the open-end (i.e., the capacity- 
loaded electrode) 5a of the feeding radiant-electrode 5 
and the open-end (the capacity-loaded electrode) 18a 
of the non-feeding radiant-electrode 18 are arranged 
close to each other, the frequency bandwidth is further 

25 increased and greatly improved antenna gains are 
achieved as compared with the case in which the ca- 
pacity-loaded electrodes 5a and 1 8a of the radiant elec- 
trodes 5 and 1 8 are separated from each other. This ad- 
vantage is confirmed by the experiment performed by 

so the inventor. 

[0047] In the experiment, return-loss characteristics 
and antenna gains are measured fortwo arrangements, 
one when mounting the chip base-substance 4 having 
the feeding radiant-electrode 5 and the non-feeding ra- 

35 diant-electrode 18, which are provided as shown in Fig. 
1 B, in a dielectric-base-substance mounting region Z of 
the non-grounded portion shown in Fig. 8A (seethe im- 
age-drawing of Fig. 9A), and the other when mounting 
the chip base-substance 4 having the feeding radiant- 

40 electrode 5 and the non-feeding radiant-electrode 18, 
which are provided as shown in Fig. 8B (see the image- 
drawing of Fig. 9B). In addition, in the experiment, the 
length of the substrate was about 125 mm and the size 
of the chip base-substance 4 was about 3 mm x about 

45 12 mm x about 1 .8 mm thick. 

[0048] The results of the experiment are shown in 
graphs of Figs. 10A and 10B. In these graphs, the solid 
line A represents the configuration shown in Fig. 1 B (i. 
e., the capacity-loaded electrodes 5a and 1 8a of the re- 

50 spective radiant electrodes 5 and 1 8 are arranged to be 
close to each other), and the dotted line B which repre- 
sents the configuration shown in Fig. 8B (i.e., the capac- 
ity-loaded electrodes 5a and 1 8a of the respective radi- 
ant electrodes 5 and 1 8 are arranged to separate from 

55 each other). 

[0049] As shown in these graphs, the bandwidth is in- 
creased by arranging the capacity-loaded electrodes 5a 
and 1 8a to be close to each other, wherein the band- 
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width BW2 is approximately 160 MHz when the capac- 
ity-loaded electrodes 5a and 1 8a of the respective radi- 
ant electrodes 5 and 1 8 are arranged to be spaced from 
each other whereas the bandwidth BW1 is approximate- 
ly 200 M Hz when the capacity-loaded electrodes 5a and 
18a of the respective radiant electrodes 5 and 18 are 
arranged to be close to each other. At a frequency of 
2450 MHz, the antenna gain when the capacity-loaded 
electrodes 5a and 1 8a are arranged to be close to each 
other is improved, by approximately 5 dB, than that 
when the capacity-loaded electrodes 5a and 1 8a are ar- 
ranged to spaced from each other. 
[0050] By arranging the capacity-loaded electrodes 
5a and 18a to be close to each other, the bandwidth is 
increased and the antenna gain is improved. 
[0051] In addition, the respective shapes of the feed- 
ing radiant-electrode 5 and the non-feeding radiant- 
electrode 18 are not limited to those shown in the first 
preferred embodiment, and various other shapes, such 
as a meander-shape, may be provided. However, when 
the respective radiant electrodes 5 and 1 8 are arranged 
in parallel with each other along the entire length thereof 
in the vicinity of the grounded portion 3, the current pro- 
duced in the radiant electrodes 5 and 1 8 and the current 
A excited in the grounded portion 3 magnetically cancel 
each other because these currents have opposite phas- 
es. Thus, according to the first preferred embodiment, 
although the open-ends 5a and 1 8a of the respective 
radiant electrodes 5 and 18 must be arranged in the vi- 
cinity of the grounded portion 3 in order to define a ca- 
pacitance to the grounded portion 3 therebetween to 
produce capacity-loaded electrodes, as described 
above, it is preferable that portions other than those be 
separated from the grounded portion 3 by as much dis- 
tance as possible. 

[0052] Also, according to the first preferred embodi- 
ment, the open-end 5a of the feeding radiant-electrode 
5 is provided on the side edge 4d of the chip base-sub- 
stance 4 while the open-end 1 8a of the non-feeding ra- 
diant-electrode 18 is provided on the top surface 4a of 
the chip base-substance 4; however, the positions of the 
respective open-ends 5a and 18a are not specifically 
limited. That is, to appropriately excite a current in the 
grounded portion 3, capacities between the respective 
open-ends 5a and 1 8a of the radiant electrodes 5 and 
18 and the grounded portions 3 must be determined. 
The appropriate capacities are determined by the ar- 
rangement of the respective open-ends 5a and 18a of 
the radiant electrodes 5 and 18, such that the arrange- 
ment is not limited to that of the first preferred embodi- 
ment. 

[0053] Moreover, according to the first preferred em- 
bodiment, the grounded electrode 12 is arranged as 
shown in Fig. 1B. However, the grounded electrode 12 
may be omitted depending on the required capacitance 
between the open-end 5a of the feeding radiant-elec- 
trode 5 and the grounded portion 3. 
[0054] Next, a second preferred embodiment of the 



present invention will be described below. Fig. 4A is a 
top plan view schematically showing an antenna-elec- 
trode structure 1 according to the second preferred em- 
bodiment of the present invention. Fig. 4B schematically 

5 shows the chip base-substance 4 in a developed state, 
which defines the antenna-electrode structure 1 . In ad- 
dition, in the description of the second preferred embod- 
iment, like reference characters designate like elements 
common to those in the antenna-electrode structure 1 

10 according to the first preferred embodiment, and the de- 
scription thereof is omitted. 

[0055] The antenna-electrode structure 1 according 
to the second preferred embodiment is similar to the an- 
tenna-electrode structure 1 according to the first pre- 

15 ferred embodiment. However, the feeding radiant-elec- 
trode 5 according to the first preferred embodiment is a 
direct feeding type, whereas in the second preferred 
embodiment, it is a capacity feeding type. 
[0056] That is, according to the second preferred em- 

20 bodiment, the feeding electrode 1 1 electrically connect- 
ed to the signal-supply source 8 is provided along the 
feeding radiant-electrode 5 via a spacing therebetween. 
One end of the feeding radiant-electrode 5, as in the first 
preferred embodiment, is the open-end 5a, which is the 

25 capacity-loaded electrode, and the other end is a 
grounded end, which is electrically connected to the 
grounded portion 3. The impedance of the feeding radi- 
ant-electrode 5 increases from the grounded end there- 
of toward the open-end. When the impedance of the 

30 feeding electrode 11 is about 50 fi, for example, the 
feeding electrode 11 is provided at a position opposing 
a portion of the feeding radiant-electrode 5 having an 
impedance of about 50 Q. The feeding radiant-electrode 
5 and the feeding electrode 11 are thereby matched to 

35 each other. 

[0057] In such a manner, the feeding electrode 11 is 
provided at a position of the feeding radiant-electrode 5 
via a spacing therebetween where the feeding electrode 
11 is matched to the feeding radiant-electrode 5. 

40 [0058] The second preferred embodiment, as in the 
first preferred embodiment, transmits and receives elec- 
tric waves having sufficient power and has a greatly in- 
creased bandwidth even when the size of the radiant 
electrodes 5 and 18 is reduced. Moreover, since the 

45 feeding radiant-electrode 5 is a capacity-feeding type in 
the second preferred embodiment, the feeding radiant- 
electrode 5 is matched to the signal-supply source 8 
without a matching circuit, resulting in the elimination of 
the matching circuit. 

50 [0059] Next, a third preferred embodiment will be de- 
scribed below. Fig. 5 is a drawing of an antenna-elec- 
trode structure according to the third preferred embod- 
iment. According to the third preferred embodiment, as 
shown in Fig. 5, the feeding radiant-electrode 5 and the 

55 non-feeding radiant-electrode 1 8 are arranged with an 
insulating member (a dielectric substance, for example) 
20 interposed therebetween in a depositing direction. 
The other features are the same as those in the first and 
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second preferred embodiments described above, such 
that in the description of the third preferred embodiment, 
like reference characters designate like elements com- 
mon to those in the preferred embodiments described 
above, and description thereof is omitted. 
[0060] As shown in Fig. 5, in the upper portion of the 
feeding radiant-electrode 5, the non-feeding radiant- 
electrode 1 8 is provided at a position opposing the feed- 
ing radiant-electrode 5 with the insulating member 20 
provided therebetween. In other words, within the chip 
base-substance 4, the feeding radiant-electrode 5 is 
provided. There are various techniques for providing the 
radiant electrode within the chip base-substance 4, and 
any one of them may be adopted and the description 
thereof is omitted. 

[0061] According to the third preferred embodiment, 
the radiant electrodes 5 and 1 8 are arranged such that 
the feeding radiant-electrode 5 is separated from the 
grounded portion 3 as compared with the configurations 
of the first and second preferred embodiments de- 
scribed above. Thereby, the inverse affect of the 
grounded portion 3 on the feeding radiant-electrode 5 
(i.e., the problem that electric waves are deteriorated 
due to the currents of the feeding radiant-electrode 5 
and the grounded portion 3 having opposite phases) is 
prevented. 

[0062] The chip base-substance 4 is a dielectric sub- 
stance and the feeding radiant-electrode 5 is sand- 
wiched between dielectric substances, such that the fre- 
quency is increased due to the wavelength reduction ef- 
fect by the dielectric substance, which enables the size 
of the chip base-substance 4 to be further reduced. 
[0063] Moreover, the space between the feeding ra- 
diant-electrode 5 and the non-feeding radiant-electrode 
18 is greater than that in the first and second preferred 
embodiments described above, such that the control of 
electromagnetic coupling between the feeding radiant- 
electrode 5 and the non-feeding radiant-electrode 1 8 is 
greatly improved, enabling the dual-frequency reso- 
nance to be further improved. 

[0064] in addition, in the example shown in Fig. 5, the 
feeding radiant-electrode 5 is a direct-feeding type; 
however, it may be of a capacity-feeding type as shown 
in the second preferred embodiment. Also, in the upper 
portion of the feeding radiant-electrode 5, the non-feed- 
ing radiant-electrode 18 is deposited, in the example 
shown in Fig. 5; however, the order of the feeding radi- 
ant-electrode 5 and the non-feeding radiant-electrode 
18 is not limited to the example shown in Fig. 5, and the 
substrate 2 (the overhang 6), the non-feeding radiant- 
electrode 18, and the feeding radiant-electrode 5 may 
be arranged in that order. 

[0065] Furthermore, the feeding radiant-electrode 5 
and the non-feeding radiant-electrode 18 are preferably 
arranged so as to oppose each other. However, the 
feeding radiant-electrode 5 and the non-feeding radiant- 
electrode 18 may be arranged so as not to oppose each 
other. Also, both the feeding radiant-electrode 5 and the 



non-feeding radiant-electrode 18 are provided on the 
chip base-substance 4 in the example shown in Fig. 5. 
However, for example, one of the feeding radiant-elec- 
trode 5 and the non-feeding radiant-electrode 18 may 
5 directly pattern-formed on the substrate 2 (the overhang 
6), whereas the other may be provided on the top sur- 
face of or inside the chip base-substance 4, such that 
the feeding radiant-electrode 5 and the non-feeding ra- 
diant-electrode 18 are arranged by mounting the chip 
base-substance 4 on the region in which the feeding ra- 
diant-electrode 5 or in which the non-feeding radiant- 
electrode 1 8 is provided. 

[0066] Next, afourth preferred embodiment will be de- 
scribed below. According to the fourth preferred embod- 
iment, the feeding radiant-electrode 5, the feeding elec- 
trode 11 , the grounded electrode 12, and the non-feed- 
ing radiant-electrode 18 are not arranged on the chip 
base-substance 4 as in the previous preferred embodi- 
ments described above, but the electrodes 5, 11, 12, 
and 18 are directly pattern -formed on the overhang 6 
which is a non-grounded portion, as shown in Fig 6. The 
other features are the same as those in the previous pre- 
ferred embodiments described above, such that in the 
description of the fourth preferred embodiment, like ref- 
erence characters designate like elements common to 
those in the preferred embodiments described above, 
and description thereof is omitted. 
[0067] According to the fourth preferred embodiment, 
the electrodes 5, 11, 12, and 18 are directly pattern- 
formed on the non-grounded portion of the substrate 2 
(the overhang 6), such that the manufacturing is simpli- 
fied and the manufacturing costs are greatly reduced. 
[0068] In addition, in the example shown in Fig. 6, the 
feeding radiant-electrode 5 is a direct-feeding type; 
however, it may be a capacity-feeding type as described 
in the second preferred embodiment. 
[0069] In addition, the present invention is not limited 
to the preferred embodiments described above, and 
various modifications may be made. For example, in the 
preferred embodiments described above, the substrate 

2 is preferably provided with the overhang 6 that is the 
region for providing the feeding radiant-electrode 5 and 
the non-feeding radiant-electrode 18. However, as 
shown in Figs. 7A and 7B, a region Z for providing the 
radiant electrodes 5 and 1 8 may be arranged on the sub- 
strate 2. 

[0070] In this case, since the overhang 6 is not ar- 
ranged to protrude from the substrate 2, damage such 
as chipping of the overhang 6 when dropped, for exam- 
ple, is prevented, thereby improving the reliability and 
durability. Also, by eliminating the overhang 6, the de- 
gree of design freedom is further increased. 
[0071] Also, the shape of the grounded portion 3 is 
not specifically limited and various configurations may 
be adopted. However, the shape of the grounded portion 

3 must have at least a length required for transmitting 
and receiving electric waves at a desired frequency 
bandwidth by being excited from each antenna action 
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of the feeding radiant-electrode 5 and the non-feeding 
radiant-electrode 18. 

[0072] In the preferred embodiments described 
above, both of the feeding radiant-electrode 5 and the 
non-feeding radiant-electrode 18 are provided. Howev- 
er, one of the feeding radiant-electrode 5 and the non- 
feeding radiant-electrode 18 or a plurality of both elec- 
trodes 5 and 1 8 may be formed, such that each number 
of electrodes 5 and 18 is not limited. In this case, band- 
width is further increased. 

[0073] Furthermore, the radiant electrodes 5 and 18 
are appropriately arranged in consideration of the path 
length of the excited current A and the electric-wave di- 
rectivity of the grounded portion 3, and the arrangement 
thereof is not limited to the arrangements shown in the 
preferred embodiments described above. 
[0074] While preferred embodiments of the invention 
have been described above, it is to be understood that 
variations and modifications will be apparent to those 
skilled in the art without departing the scope and spirit 
of the invention. The scope of the present invention, 
therefore, is to be determined solely by the following 
claims. 



Claims 

1 . An antenna-electrode structure (1 ) comprising: 
a substrate (2); 

a grounded portion (3) provided on the sub- 
strate (2); 

a non-grounded portion (6)on which an anten- 
na is mounted; 

a feeding radiant-electrode (5) into which a sig- 
nal is supplied from a signal supply source (8); 
a non-feeding radiant-electrode (18) arranged 
adjacent to the feeding radiant electrode (5) in 
a direction separated from the grounded por- 
tion (3) via a space therebetween for producing 
a dual-frequency resonance state by electro- 
magnetic coupling with the feeding radiant- 
electrode (5); and 

a dielectric base substance (4) surface-mount- 
ed on the substrate (2) and having the feeding 
radiant-electrode (5) mounted thereon; where- 
in 

one end (5a) of the feeding radiant-electrode 
(5) is open so as to define a capacitance to the 
grounded portion (3) therebetween; and 
wherein the non-feeding radiant-electrode (1 8) 
is provided on the dielectric base substance (4) 
along the feeding radiant-electrode (5) and one 
end of the non-feeding radiant-electrode (1 8) is 
connected to the grounded portion while the 
other end (18a) is open, the open-end (18a) of 
the non-feeding radiant electrode (18) defining 
a capacity-loaded electrode forming a capaci- 



tance to the grounded portion (3) therebetween 
at a position close to a capacity portion located 
between the open-end (5a) of the feeding radi- 
ant-electrode (5) and the grounded portion (3). 

2. An antenna-electrode structure (1 ) comprising: 



a substrate (2); 

a grounded portion (3) provided on the sub- 
10 strate (2); 

a non-grounded portion (6) on which an anten- 
na is mounted; 

a feeding radiant-electrode (5) into which a sig- 
nal is supplied from a signal supply source (8) 

15 and having a substantially U-shape; 

a non-feeding radiant-electrode (18) arranged 
adjacent to the feeding radiant electrode (5) in 
a direction separated from the grounded por- 
tion via a space therebetween for producing a 

20 dual-frequency resonance state by electro- 

magnetic coupling with the feeding radiant- 
electrode (5); wherein 

one end of the feeding radiant-electrode (5) is 
open so as to define a capacitance to the 

25 grounded portion (3) therebetween; and 

wherein the non-feeding radiant-electrode (18) 
is provided on the non-grounded portion (6) 
along the feeding radiant-electrode (6) and one 
end of the non-feeding radiant-electrode (1 8) is 

30 connected to the grounded portion (3)while the 

other end (1 8a) is open, the open-end (1 8a) of 
the non-feeding radiant electrode (18) defining 
a capacity-loaded electrode forming a capaci- 
tance to the grounded portion (3) therebetween 

35 at a position close to a capacity portion located 

between the open-end (5a) of the feeding radi- 
ant-electrode (5) and the grounded portion. 

3. An antenna-electrode structure (1) according to 
40 Claim 2, wherein the feeding radiant-electrode (5) 
and the non-feeding radiant-electrode (18) are di- 
rectly located and pattern-formed on the non- 
grounded (6) portion on the substrate (2). 

45 4. An antenna-electrode structure (1 ) according to any 
of claims 1 to 3, further comprising an insulating 
member, wherein the feeding radiant-electrode (5) 
and the non-feeding radiant-electrode (18) are ar- 
ranged with the insulating member provided there- 

50 between. 

5. An antenna-electrode structure (1) according to any 
of claims 1 to 4, further comprising a feeding elec- 
trode electrically connected to the signal supply 
55 source (8), wherein the feeding radiant-electrode 
(5) communicates and connects to the feeding elec- 
trode (11) so as to define a directly-feeding-type 
feeding radiant-electrode (5) in which a signal is di- 
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rectly supplied from the signal supply source (8) via 
the feeding electrode (11). 

6. An antenna-electrode structure (1 ) according to any 

of claims 1 to 4, further comprising a feeding elec- 5 
trode (11) electrically connected to the signal supply 
source (8), wherein the feeding radiant-electrode 
(5) is provided in a position spaced from the feeding 
electrode (11) so as to define a capacity-feeding- 
type feeding radiant-electrode(5) in which a signal io 
from the signal supply source (8) is supplied by ca- 
pacity coupling from the feeding electrode (11). 

7. An antenna-electrode structure (1 ) according to any 

of claims 1 to 6, wherein the substrate (2) includes 15 
an overhang portion (3) and said non-grounded por- 
tion is provided on the overhang portion (3) of said 
substrate (2) includes. 

8. An antenna-electrode structure (1 ) according to any 20 
of claims 1 to 7, wherein said substrate is a chip 
base-substrate. 

9. A communication apparatus comprising an anten- 
na-electrode structure according to any of claims 1 25 
to 8. 

10. A communication apparatus according to claim 9, 
wherein said communication apparatus is a porta- 
ble telephone. 30 

11. A communication apparatus according to claim 9, 
wherein said communication apparatus is a note- 
book personal computer. 

35 

12. A communication apparatus according to claim 9 f 
wherein said communication apparatus is a person- 
al digital assistant. 

40 
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(57) An antenna-electrode structure (1) includes a 
feeding radiant-electrode (5) and a grounded portion (3) 
arranged such that an open -end of the feeding radiant- 
electrode (5) defines a capacitance to the grounded por- 
tion (3) therebetween, and a non-feeding radiant-elec- 
trode (18) arranged to electromagnetically couple the 
feeding radiant-electrode (5). The non-feeding radiant 
electrode (18) is arranged such that an open-end (18a) 
thereof defines a capacitance to the grounded portion 
(3) therebetween to produce a dual-frequency reso- 
nance state together with the feeding radiant-electrode 
(5). in response to a signal supplied from a signal-supply 
source (8), the feeding radiant-electrode (5) performs 
an antenna action and the non-feeding radiant-elec- 
trode (18) in turn performs an antenna action by signal 
transmission from the feeding radiant-electrode (5), 
such that by being excited from these actions, the 
grounded portion (3) also performs an antenna action. 
Because of the antenna action of the grounded portion 
(3), the sizes of the feeding radiant-electrode (5) and 
the non-feeding radiant electrode (18) are reduced. 
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